The .behavior of the different design trajectories in the design phase space was analyzed on the basis of g e n e d i d theory of system design. The problem of the initial point selection for the time-optimal algorithm construction was connected with the discovering of an additional acceleration effect of design process. This effect can he understood well on the basis of the elaborated design methodology by means of the different design trajectory analysis. It is displayed for all analyzed circuits and it can reduce additionally the total computer time for the system design. Numerical results of some nonlinear electronic circuit design demonstrate the perspective of the proposed approach.
INTRODUCTION
The generalized theory for the system design on the basis of the control theory formulation was elaborated in some previous works [I]-[2]. This approach serves for the time-optimal design algorithm definition. The main conception of the theory is the introduction of the special control functions, which, on the one hand generalize the design process and, on the other hand, they give the possibility to control the design process to achieve the optimum of the design objective function for the minimum computer time. This possibility appears because practically an infinite number of the different design strategies that exist within the theory. On the bounds of this conception, the traditional design strategy is only a one representative of the enormous set of different design strategies. As shown in [Z] the potential computer time gain that can be obtained by the new design problem formulation increases when the size and complexity of the system increase hut it is realized only in case when we have the algorithm for the optimal trajectories systematical construction. We can define the formulation of the intrinsic properties and special restrictions of the optimal design trajectory as one of the first problems that needs to be solved for the optimal algorithm construction.
ACCELERATION EFFECT
On the basis of the new design methodology [1]-[Z] an additional acceleration effect of the design process was discovered. This effect appears for all analyzed circuits. We start with a simplest electronic circuit that has two parameters only (N=2) and doesn't have any practical sense, hut services well to understand the processes that occur in the design procedure. Then we analyze the N-dimensional problem. All analyzed examples demonstrate the additional acceleration effect.
Two-dimensional problem
There is an analysis of a simplest electronic circuit with the topology, which is shown in Fig. I . The objective function is defined by the formula ax) = (XZ -k,) , where k, has the fixed value. There is only one control function U, in this case because there is only one dependent parameter X, . The design trajectory for this example is the curve in two-dimensional space, if the numerical design algorithm is applied. At the same time, the numerical analysis ofthis simple circuit doesn't have sense, because there is an analytic solution for this problem. We can obtain this solution by means of the Lagrange multipliers for example. However, we provide the numerical analysis of this circuit to reveal the essential features of the new additional design process acceleration effect. The main features of this analysis appear in all other examples too.
The optimization procedure and the electronic system model, in accordance with the new design methodology [3] , are defined by the next two equations:
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where U is the vector of control variables, and the components of the movement directions f ; (x, U ) for the i =1,2 depend on the optimization method. These functions, for the gradient method for example, are given by the formulas [3]:
where F ( X , V ) is the generalized objective function,
F ( x , u ) = c ( x ) +~~,~: ( x ) ,
v2(x) is the implicit function ( X i " = 17 (x )) and it gives the value of the parameter x2 from the equation ( Table I for the traditional design strategy (U,=O) and for the modified traditional strategy (U,=l). The initial point of the vector Xfor the system design is equal to (1.1). The traditional design strategy is the optimal one in this case and it can't be improved for this initial value of the vector X. Table 1 . Complete set of design strategies for the initial vector
The trajectories of the design process for this case are the twodimensional curves. The trajectories which correspond to the gradient optimization method from the Table 1 for Solid lines in this figure correspond to the traditional design strategy (UI=O); dash lines correspond to the modified traditional strategy (UI=l). The optimal trajectories coincide with trajectories of the traditional design strategy. Another trajectory behavior is observed when the initial value of the parameter x2 is negative. The trajectories for the three above described situation are presented in Fig. 3 (a) , (b), (c). for X," = ( 1, -1 ). The trajectories that correspond to the traditional design strategy practically do not have dependency from the initial value of the component x, . There is an only jump in the start point S to the principal part of the trajectory line h m above (when x, = I, Fig.2 ) or from below (when X, = -1, Fig.3 ).
Another situation is observed when the modified traditional strategy is used for x2 = -1. 
N-dimensional problem
In general case, we have N-dimensional design problem. However, all specific features of the additional design acceleration, as a necessary trajectory jump, and a time gain are revealed again. Some nonlinear passive and active circuits were analyzed to demonstrate an additional acceleration effect that appears due to the special selection of the start point of the design process. The additional acceleration effect is observed for all analyzed circuits. Some components of the initial vector xin are negative for these examples. In Fig. 4 there is a circuit of the amplifier that consists of three transistor cells.
e Q I I 1 I There are three-node circuit for the one transistor cell, the fivenode circuit for the two transistor cells and the seven-node circuit for the three transistor cells. The potential computer time gain of the optimum design strategy without and with an additional acceleration as the function of the transistor cell number NTR is presented in Fig. 5 for two different optimization procedures (gradient method and DFP method). The analysis is more complicated for the active circuits because the trajectory design line not always exists due to the specific current dependency of the transistor junctions. The additional time gain due to the acceleration effect is changed from 30% to 125% depending on the node number and the optimization method.
The trajectory behavior near the finish point has a grate influence to the acceleration effect quantitative value. Light lines -without an additional acceleration effect.
Dark lines -with an additional acceleration effect.
The complex behavior of the trajectories can complicate the acceleration effect achievement because there are more than one jump required in this case. Nevertheless a large acceleration is observed. The total computer time gain of the optimal strategy for the last example (three transistor cells circuit with I nodes and 14 variables) due to the acceleration effect is equal to 620 for the gradient optimization method and 477 for the DFP method. This value of the computer time gain shows a great perspective of further research in this direction. Now it is clear that the start point of the optimal design process must be selected with at least one negative coordinate and the first part of the optimal design trajectory lies in unreal state space. The other part of the optimal design strategy consists of one or several jumps with the special adjust trajectories of the different admissible strategies.
The additional acceleration effect, which is discussed here, serves as an excellent example of a new qualitative result, which was obtained by the generalized system design methodology. It is clear that all these advantages of the new approach are realized when the time-optimal algorithm is constructed. The results obtained here serve as the first step for the optimal design algorithm characteristic determined in particularly for the initial point optimal selection and for the preliminary definition of the optimal trajectory and control function structure.
DESIGN PROCESS STABILITY ANALYSIS
One of the main problems of the real system design is the problem of the method convergence and more general, the design process stability. The theoretical aspect of this problem is based on the general system stability analysis. The system design procedure can be identified now as the dynamic controllable process and the stability of this process near the stationary point a =(a,,., ,..., a , ) must be analyzed. It is supposed that the stationary point a is the finish point of the design process. In this paper the direct method of Lyapunov Table 3 . Another consideration is important too: the design process convergence slow down strongly before the& -neighborhood reaching for all Table 3 . Critical& -neighborhood of some strategies.
strategies of the first group (strategies l,2 and 3). We can conclude that all strategies of this group, including the traditional one, have the problem with the stability when the high precision is needed. On the other hand there is a group of the strategies (4 and 5 for example) that don't lose the stability until practically any precision. The strategies of this group are characterized a large number of units in the corresponding control vector U. The time-optimal trajectory consists of the different design strategies, but it is very important that it includes strategies with the large number of units in the control vector on its final part. Therefore the time-optimal strategy has a very good stability.
CONCLUSIONS
The analysis of the different design strategies has been done on the basis of before elaborated new system design methodology. The design trajectory behavior was analyzed for the different initial value of the state variables. The additional acceleration effect of the system design process was discovered by means of the variation of the initial value of the state variables and the special control functions. This effect exists owing to the very different behavior of the design trajectories that have various control functions and different start points of the design space. This new effect reduces the total computer time additionally and gives the perspective to accelerate more the system design process. On the other hand, the obtained results give the useful information about the initial paint selection for the time-optimal design process and about the structure of the optimal or quasioptimal design trajectory. The start point of the time-optimal design algorithm as the vector in N-dimensional design space must include at least one negative component. In this case the specific acceleration can be realized.
